Objective: To assess the correlation of psychosocial resiliency factors (mindfulness and coping) with symptoms of posttraumatic stress, anxiety, and depression in patients recently admitted to the neuroscience ICU and their primary informal caregivers. Design: A descriptive, cross-sectional correlational study. Setting: Neuroscience ICU in a major medical center. Participants: A total of 78 dyads of patients (total n = 81) and their primary caregivers (total n = 92) from June to December 2015. Study enrollment occurred within the first 2 weeks of patient admission to the neuroscience ICU. Intervention: None. Measurements and Main Results: Dyads completed self-report measures of mindfulness (Cognitive and Affective Mindfulness Scale-Revised), coping (Measure of Coping Status-A), posttraumatic stress (Posttraumatic Checklist-Specific Stressor), anxiety (Hospital Anxiety and Depression Scale-A), and depression (Hospital Anxiety and Depression Scale-D). Rates of clinically significant posttraumatic stress, anxiety, and depressive symptoms were high and comparable between patient and caregiver samples. Own psychological resilience factors and psychiatric symptoms were strongly correlated for both patients and caregivers.
each other and shape each person's adjustment to illness, including outcomes of PTSD, anxiety, and depression (13, 19) . Poor patient mental health and physical functioning translate into greater caregiving burden (5) , which negatively impacts caregivers' mental health (13, 20) . In turn, caregivers' poorer mental health increases risk for providing poor-quality care to the patients (7, 21) , which has been linked to greater depression among patients (22, 23) . Given the evidence of interdependence between patient and caregiver psychiatric health, it is important to consider the context of the dyad to fully capture an individual's level of mental health risk following the stress of Neuro-ICU hospitalization.
Resiliency, defined as the ability to bounce back from stressful and adverse situations, has been associated with positive health outcomes across a variety of populations (24) (25) (26) . Mindfulness, the ability to remain attentive to the present moment without becoming overwhelmed, is one skill that enhances resilience to stressors including traumatic experiences. Mindfulness allows nonjudgmental acceptance of all experiences even when these are painful, while fostering a sense of calm and the ability to respond intentionally (27) . Resiliency also depends on the breadth and accessibility of one's coping arsenal, or one's bank of behavioral (e.g., use of social support, employment of relaxation techniques), cognitive (e.g., adaptive thinking), and emotional (e.g., ability to regulate emotions) strategies to manage stress (28) . Both mindfulness (27, 29) and coping arsenal (30) have been consistently associated with mental and physical health benefits. Among patients with acute neurological injuries specifically, depression and anxiety have been associated with emotional avoidance and poor coping strategies (31, 32) . Among their caregivers, greater psychological distress has been associated with lack of acceptance and poor coping behaviors (33, 34) . Literature on other medical illnesses shows that psychological resilience following illness is significantly related between patients and their families (35, 36) . The synergistic relations between patients' and caregivers' psychiatric symptoms and psychological resilience factors, however, have yet to be examined following admission to the Neuro-ICU.
This study aims to fill this gap in the literature and provide a more comprehensive picture of patients' and their informal caregivers' psychiatric risk following admission to the Neuro-ICU. The purposes of this cross-sectional study were to 1) estimate rates of clinically significant psychiatric symptoms (i.e., PTSD, anxiety, and depression) in dyads of patients recently (within 2 wk) admitted to the Neuro-ICU and their primary informal caregivers, and 2) examine relations of dyad members' psychological resilience factors (i.e., mindfulness and coping) with their own and their partners' psychiatric symptoms. We hypothesize that greater patient and caregiver mindfulness and coping will be associated with lower symptoms of PTSD, anxiety, and depression among dyads.
MATERIALS AND METHODS

Sample and Setting
The institutional review board approved this study, which took place in the Neuro-ICU at a major medical center in Boston, MA, between June and December 2015. The study inclusion criteria for patients were the following: 1) being 18 years old or older, 2) English fluency and literacy, and 3) admission to the Neuro-ICU within the past 2 weeks. All patients were first cleared for participation in the consent process by the medical team. Patients who, based on the clinical judgment of the medical team, were unable to consent due to any medical (e.g., critical illness included anticipated death within the ICU) or cognitive (e.g., chronic aphasia) factors were not referred to the study. Patient with transient aphasia or delirium who were asymptomatic at the time of consent were allowed to participate. The decision to use clinical judgment of the medical team rather than the use of specific questionnaires or cognitive test was predicated on using a criterion that is feasible, is efficient, does not add burden to study participants, and can be easily employed in a planned subsequent intervention study. The inclusion criteria for the informal caregiver were the following: 1) being 18 years old or older, 2) English fluency and literacy, and 3) identification as an eligible patient's primary caregiver (i.e., family member or close friend providing the majority of unpaid emotional or instrumental care for the patient).
Design
This study was a descriptive, cross-sectional study of rates of clinically significant posttraumatic stress, anxiety, and depressive symptoms in Neuro-ICU patients and their caregivers and the correlations of these symptoms with mindfulness and coping. A research assistant (RA) rounded in the Neuro-ICU 2 days per week and identified dyads of patients and their caregivers. The RA approached eligible and medically cleared patients and their primary caregivers to discuss the study. Enrollment, inclusionary criteria review, and questionnaire completion occurred at the bedside (all Neuro-ICU rooms were singlepatient rooms). When a patient met the eligibility criteria for the study but the caregiver was not present at the patient's bedside, the RA explained the study to the caregiver at a different time, either in the patient's room or in another private location. If the patient was unable to complete the questionnaire at the time of enrollment, the RA followed the progress of the patient and reapproached the patient when appropriate. In some cases (n = 6), the patient was never able to complete the questionnaire, so only the caregiver provided data.
Patients and caregivers completed questionnaires within 2 weeks of the patients' admission to the Neuro-ICU. Both patients and caregivers completed a demographic form and psychosocial questionnaires. We also collected data from electronic medical chart review on the reason for admission to the Neuro-ICU, discharge status, and whether the patient was intubated during their hospital admission.
Measurement
Demographic Form. Patient and caregiver characteristics were assessed via self-report and included age, gender, race/ethnicity, education, and marital status. Checklist-Specific Stressor (37) . The 17 items are scored using a five-point Likert scale, with responses ranging from 1 ("not at all") to 5 ("extremely"). A total symptom severity score is computed by summing the items. Scores range from 17 to 85, with higher scores indicating higher symptom severity. Clinically significant posttraumatic stress symptoms suggestive of PTSD are estimated based on an algorithm consistent with Diagnostic and Statistical Manual of Mental Disorders-IV TR (38) criteria.
Hospital Anxiety and Depression Scale. Symptoms of anxiety and depression were measured with the Hospital Anxiety and Depression Scale (39) . The 14 items are scored using a four-point Likert scale, with responses ranging from 0 ("not at all" or "very rarely") to 3 ("all of the time" or "very often"). Separate scores for anxiety (seven items) and depression (seven items) are computed by summing the respective items. Scores range from 0 to 21 for each subscale, with higher scores indicating higher symptom severity. Scores of 8 or greater for a subscale are suggestive of clinically significant anxiety or depressive symptoms (40) .
Cognitive and Affective Mindfulness Scale-Revised. Everyday mindfulness, or the degree to which participants experience their thoughts and feelings in the present moment, was measured with the Cognitive and Affective Mindfulness Scale-Revised (41) . The 12 items are scored using a four-point Likert scale, with responses ranging from 1 ("rarely/not at all") to 4 ("almost always"). A total mindfulness score is computed by summing the items. Scores range from 12 to 48, with higher scores reflecting greater mindfulness.
Measure of Coping Status-A.
Coping styles, including relaxation, awareness of stress, assertiveness, and disputing maladaptive thoughts, were measured using the Measure of Coping Status-A (42) . The 13 items are scored using a fivepoint Likert scale, with responses ranging from 0 ("I cannot do this at all") to 4 ("I can do this extremely well"). The sum of all of the items composes an overall coping skill score. Scores range from 0 to 52, with higher scores indicating more effective coping skills.
Statistical Analyses
Participant characteristics were summarized by measures of central tendency (e.g., proportion, mean) as appropriate. Univariate relations between patient and caregiver variables were tested using Pearson r and paired sample t tests. Small, medium, and large effect sizes are distinguished by Pearson r values of 0.10, 0.30, and 0.50 and Cohen d values of 0.20, 0.50, and 0.80, respectively (43) . Categorical variables were compared using chi-square analyses. An α-level of 0.05 and two-tailed tests were used to determine statistical significance in all analyses. These analyses were completed using SPSS version 20 (IBM Corp., Armonk, NY).
Dyadic modeling called actor-partner interdependence modeling (APIM) (44, 45) was used to determine the relations of patients' and caregivers' mindfulness and coping with their own and their partners' symptoms of posttraumatic stress, anxiety, and depression ( Fig. 1) . In the APIM for this study, the "actor effect" is the relation of a person's psychological resiliency factors (i.e., mindfulness and coping) with his/her own symptoms of posttraumatic stress, anxiety, and depression. The "partner effect" is the relation of a person's psychological resiliency factors with his/her "partner's" symptoms of posttraumatic stress, anxiety, and depression. Variance in dyad members' predictor variables and residual variance in their outcome variables are allowed to correlate to account for the interdependence of dyad members' data. Effects were considered equal when chi-square difference tests revealed no significant difference in model fit 
RESULTS
Characteristics of Patients and Caregivers
Of 121 eligible patients who were approached, 91 patients (75%) and 102 of their primary caregivers consented to participate (84%). Of those consented, 81 patients (89%) and 92 caregivers (90%) completed questionnaires. This represents 78 full patient-caregiver dyads, with three patients participating without caregivers and 14 caregivers participating without patients. Missing data exist where participants were unable to complete questionnaires, were lost to follow-up after consent, or exercised their right to decline to answer questionnaires.
We summarize demographic and medical characteristics of the sample in Table 1 . Patients and caregivers did not differ in terms of demographics. Overall, participants were middle aged and approximately evenly split between men and women, and a majority were non-Hispanic white, highly educated, and married. The most prevalent diagnoses causing patients to be hospitalized were stroke/hemorrhage (40%) and tumors (28%). Approximately two thirds of the patients were discharged to home. Most patients (74%) were intubated during the course of their treatment. The majority of primary caregivers were their patients' romantic partner (61%). We summarize participants' continuous levels of psychological resilience and psychiatric symptoms in Table 2 . Patients and caregivers did not differ in terms of psychological resilience factors or level of psychiatric symptoms. The only exception was that patients reported significantly greater posttraumatic stress symptoms than their caregivers. Psychiatric symptoms also did not differ by any demographic or medical characteristic (p > 0.07), with the exception that unmarried participants reported greater posttraumatic stress symptoms (M = 35.97) than married participants (M = 28.67; t(154) = 2.98; p = 0.003; Cohen d = 0.48). No significant differences in posttraumatic stress model effects or fit were observed when controlling for marital status (data not shown); therefore, the posttraumatic stress model is reported without controlling for marital status.
Clinically Significant Psychiatric Symptoms Among Patients and Caregivers
We summarize proportions of participants reporting clinically significant psychiatric symptoms in Table 2 . Rates of clinically significant posttraumatic stress, anxiety, and depressive symptoms were high, comparable to prior literature, and did not differ between patient and caregiver samples.
Relations of Own Psychological Resilience Factors With Own Psychiatric Symptoms
Bivariate Analyses. We summarize bivariate relations between own psychological resilience factors and psychiatric symptoms in Table 3 (shaded cells). For both patients and caregivers, all psychological resilience factors and psychiatric symptoms were related within individuals, with medium to large effects.
Multivariate Dyadic Analyses: Actor Effects. We summarize results from the three multivariate APIM (one model for each psychiatric symptom outcome) in Table 4 and Figure 1 .
All effects, unless otherwise noted, were equal for patients' resilience factors to their own psychiatric symptoms and caregivers' resilience factors to their own psychiatric symptoms. For posttraumatic stress symptoms, greater mindfulness was related to lower posttraumatic stress symptoms, but coping was unrelated to posttraumatic stress symptoms. For anxiety symptoms, both greater mindfulness and greater coping were related to lower anxiety symptoms. For depressive symptoms, for patients but not for caregivers, greater mindfulness was related to lower depressive symptoms. However, greater coping was related to lower depressive symptoms (for both patients and caregivers).
Relations of Own Psychological Resilience Factors With Partner Psychiatric Symptoms
Bivariate Analyses. Only caregivers' depressive symptoms were related to patient reports ( Table 3 , unshaded cells). Among caregivers reporting high depressive symptoms, their patients tended to report low mindfulness and high depressive symptoms, with small to medium effects.
Multivariate Dyadic Analyses: Partner Effects. Only own greater mindfulness was related to one's partner's lower depressive symptoms. The strength of this effect for patients' mindfulness and their caregivers' depressive symptoms was equal to that for caregivers' mindfulness and their patients' depressive symptoms. No other partner effects were significant.
DISCUSSION
In this descriptive, cross-sectional data analysis of patients recently admitted to the Neuro-ICU and their primary caregivers, rates of clinically significant posttraumatic stress, anxiety, and depressive symptoms were high and equally prevalent Findings reinforce that hospitalization in the Neuro-ICU is a traumatic event, leaving not only the patient, but also their family member, at risk for psychiatric morbidity (3, 6) . Considering posttraumatic stress, anxiety, and depression together, more than two in five patients and one in four caregivers met criteria for any psychiatric diagnosis. Consistent with literature on other medical conditions (8, 46, 47) , patients' and their informal caregivers' depressive symptoms were interdependent. With one's partner's psychiatric adjustment to hospitalization in the Neuro-ICU representing an important risk factor for one's own and one's partner's psychiatric morbidity, assessing and addressing distress in both patients and caregivers should be a priority during hospitalization (48, 49) .
Given the interdependence noted among patients' and their caregivers' psychiatric adjustment to hospitalization, dyadic modeling was critical to our ability to capture the unique relation of patients' own resilience with their own psychiatric symptoms teased apart from the effects of caregivers' resilience and psychiatric distress on their patients' symptoms (and similarly for caregivers' own resilience to symptoms apart from patient effects). For both patients and caregivers, own greater mindfulness was independently related to own lower posttraumatic stress and anxiety symptoms; own greater mindfulness was independently related to own lower depressive symptoms for patients only. Conversely, for both patients and caregivers, own greater coping skills were independently related to own lower anxiety and depressive symptoms, yet not posttraumatic stress symptoms. Mindfulness may be particularly relevant to PTSD and anxiety, two disorders characterized by intrusive and unwanted thoughts, through increasing patients' and caregivers' ability to notice and disengage from these thoughts. Coping may be more pertinent to depressive symptoms through principles of behavioral activation, a key tenant of psychological therapies for depression. Importantly, however, patients and caregivers who reported high use of mindfulness also tended to report a robust arsenal of coping skills, fitting with prior literature that these factors tend to be related (50) . Indeed, mindfulness may be a key skill to know when and which coping strategy should be employed under stress (27) . Further, psychiatric symptoms of posttraumatic stress, anxiety, and depression were also highly interrelated within individuals. Findings suggest that psychosocial intervention to ameliorate distress among patients and caregivers in the Neuro-ICU may be most effective by enhancing psychological resilience factors broadly, rather than targeting any one psychiatric condition specifically. Techniques from evidence-based therapies may be particularly useful in enhancing patients' and caregivers' awareness of their stress triggers (e.g., uncertainty, fatigue, communication with family or doctors), knowledge of stress-coping skills (e.g., problem solving, relaxation, observe and describe), and ability to effectively pair coping skills with stressors (e.g., action-oriented coping with controllable stressors, emotion-oriented coping with uncontrollable stressors). A broad, resiliency-based intervention may, therefore, be most applicable to reducing distress in the widest range of patients and caregivers in the Neuro-ICU. Beyond capturing unique effects of own resilience on own psychiatric symptoms, the dyadic model also illuminates how one's resilience may affect one's partner's psychiatric symptoms, beyond the effects of their partners' own resilience. Such cross-over effect was revealed for depressive symptoms: beyond effects of own psychological resiliency factors, one's own mindfulness was related to one's partner's depressive symptoms. This effect was independent of significant effects of one's own resiliency factors and was equally strong for patients' mindfulness to caregivers' depression and vice versa from caregivers to patients. Findings fit within a broader literature showing that patients and caregivers adjust together to medical illness (36) , encouraging the use of dyadic modeling when describing adjustment to medical illness. The ability to remain nonjudgmental, accepting, and calm in the face of own or partner's illness-facets of mindfulness-may assist in responding effectively to a partner's distress and foster healthy interactions that may protect against development of depressive symptoms. Further investigation of this effect is warranted, yet suggests that targeting the patientcaregiver dyad as the unit of care holds promise to improve outcomes for both members of the dyad relative to current practice focusing on patients alone (48, 49) .
Limitations and Future Directions
The current project is limited by use of self-report measures, which can be affected by bias. Future studies should seek to replicate results using objective markers of psychiatric distress through clinical interview, chart review, or psychoneuroimmuno/endocrinological markers, when possible. Further, the current analysis is cross-sectional. Future studies should seek to track the relations between patients' and caregivers' psychological resiliency and psychiatric symptoms across the recovery 
Depressive symptoms
Actor effects trajectory. Findings from other populations of medically ill patients and their caregivers suggest that dyads' psychological distress aligns over time (47) , suggesting patients' and their caregivers' psychiatric symptoms are likely to show stronger correlations as time since hospitalization progresses. Assessing these relationships prospectively over the long term is an important area for future research. Research by our group is ongoing to ascertain the extent to which early psychological resilience factors and psychiatric symptoms prospectively predict patients' and their caregivers' own and partners' distress across the recovery trajectory following hospitalization in the Neuro-ICU.
Mindfulness
Conclusions
Despite limitations, findings from the current study hold powerful clinical applications. Rates of clinically significant posttraumatic stress, anxiety, and depression were high and equally prevalent among patients within 2 weeks of hospitalization in the Neuro-ICU and their primary informal caregiver. For patients and caregivers equally, high use of psychological resiliency factors of mindfulness and coping was associated with lower psychiatric symptoms. Furthermore, patients' and their caregivers' depressive symptoms were intertwined, and the dyad members' mindfulness mutually affected the others' depression. Findings suggest that attending to the psychiatric health of both patients and caregivers in the Neuro-ICU is a priority, and that patients and their caregivers must be considered together in a system to fully address either individual's psychiatric symptoms. Dyadic psychosocial interventions designed to enhance both patients' and caregivers' psychological resiliency through mindfulness and coping efficacy training may prove an effective and innovative way to ameliorate psychiatric morbidity and reduce suffering among vulnerable families presenting to the Neuro-ICU.
